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(54) MANUFACTURE OF MAGNET MATERIAL, MAGNET MATERIAL AND BOND 
MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
manufacturing method of magnet material having high 
magnetic characteristic, a magnet material, and a 
bond magnet. 

SOLUTION: A quenched strip manufacturing device 1 
is provided with a cylindrical body 2, a heating coil 4, 
and a cooling roll 5 to be rotated relative to the 
cylindrical body 2. A nozzle 3 to eject molten. metal 6 
of a magnet material is formed on a lower end of the 
cylindrical body 2. In an atmospheric gas, the molten 
metal 6 is ejected from the nozzle 3, and collided with 
a circumferential surface 53 of the rotating cooling 
roll 5, and cooled and solidified to a quenched strip 8. 
A metallic material to constitute the circumferential 
surface 53 of the cooling roll 5 has wettability so that 
the contact angle formed on the horizontal surface of 
a solidified metal is 70-170° when a droplet of the 
molten metal 6 is placed and solidified on the 
horizontal surface of the metallic material. 
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' CLAIMS 



[CLaim(s)] ^ 

[Claim l] Inject the molten metal of magnet material from a nozzle, make it collide with the peripheral surface 
of the cooling roller which is rotating to the aforementioned nozzle, and cooling solidification is carried out. The 
metallic material which is the manufacture method of magnet material of manufacturing a thin band-like 
magnet material, and constitutes the peripheral surface of the aforementioned cooling roller The manufacture 
method of the magnet material characterized by being that from which the contact angle with the 
aforementioned horizontal surface of the congelation to make becomes 70- 170 degrees when the drop of the 

aforementioned molten metal is made to place and solidify on the horizontal surface of this metallic material 

[Claim 2] Inject the molten metal of magnet material from a nozzle in a controlled atmosphere, make it collide 
with the peripheral surface of the cooling roller which is rotating to the aforementioned nozzle, and cooling 
solidification is carried out. The metallic material which is the manufacture method of magnet material of 
manufacturing a thin band-like magnet material, and constitutes the peripheral surface of the aforementioned 
cooling roller The manufacture method of the magnet material characterized by being that from which the 
contact angle with the aforementioned horizontal surface of the congelation to make becomes 70-170 degrees 
when the drop of the aforementioned molten metal is made to place and solidify on the horizontal surface of the 
aforementioned metallic material in the aforementioned controlled atmosphere, a homotypic, and the gas of 
this **. 

[Claim 3] The manufacture method of a magnet material according to claim 1 or 2 that the peripheral velocity 
of the aforementioned cooling roller is l-60m/second. 

[Claim 4] The manufacture method of a magnet material according to claim 1 to 3 that the maximum 
eccentricity of the cooling roller peripheral surface accompanying rotation of the aforementioned cooling roller 
is below the double precision of the average thickness of a thin band-like magnet material obtained. 
[Claim 5] The aforementioned controlled atmosphere is the manufacture method of a magnet material 
according to claim 1 to 4 which is inert gas. 

[Claim 6] The aforementioned magnet material is the manufacture method of a magnet material according to 
claim 1 to 5 which is an alloy containing R (however, at least one sort in the rare earth elements in which R 
contains Y). 

[Claim 7] The aforementioned magnet material is the manufacture method of a magnet material according to 
claim 1 to 5 which is an alloy containing R (however, at least one sort in the rare earth elements in which R 
contains Y), and TM (however, TM, at least one sort in transition metals) and B. 

[Claim 8] Thin band-like magnet material characterized by being manufactured by the manufacture method of 
a magnet material according to claim 1 to 7. 

[Claim 9] Powdered magnet material characterized by having ground a magnet material according to claim 8, 
and supposing that it is powdered. 

[Claim 10] The bond magnet which combines a powdered magnet material according to claim 9 by the joint 
resin, and is characterized by the bird clapper. 

[Claim 11] The bond magnet according to claim 10 whose content of the magnet material of the shape of 
aforementioned powder is 82 / ^45iPJ$Kt%. 

[Claim 12] Coercive force iIIcBoxLd-«ragnet according to cl aim 1 0 or 11 which is 0.35 or more MA/m. 

[Claim 13] Magnetic-energy product ^BH) max 50 kJ/m3 Bond m agnet according to claim 10 to VI which it is 

above. ^ " " - — > 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method, the magnet 

material, and the bond magnet of magnet material. 

[0002] 

[Description of the Prior Art] Since the rare earth permanent magnet material which consists of alloys 
containing rare earth elements as a magnet material has high magnetic properties, when used for a motor etc., 
it demonstrates high performance. 

[0003] Such a magnet material is manufactured by the quenching method which used for example, the 
quenching thin band manufacturing installation. This manufacture method is as follows. 

[0004] Fuse the magnet material (henceforth an "alloy") of predetermined alloy composition, inject the molten 
metal from a nozzle, and it is made to collide with the peripheral surface of the cooling roller which is rotating 
to a nozzle, and by making this peripheral surface contact, it quenches, an alloy is solidified and a thin 
band-like (ribbon base) alloy is formed continuously. This thin band-like alloy is called quenching thin band. 
[0005] By the way, although the molten metal injected from the nozzle collides with the peripheral surface of a 
cooling roller, a paddle (cold slug well) is formed first, and it is cooled after that and solidified, if the cooling rate 



is slow, crystal grain will turn big and rough and magnetic properties will fall. 

[0006] Therefore, as a metallic material which constitutes the peripheral surface of a cooling roller, the material 

which is excellent in thermal conductivity was chosen. 

[0007] 

[Problem(s) to be Solved by the Invention] However, even when the metallic material excellent in thermal 
conductivity is used for the peripheral surface of a cooling roller in recent years, the problem that a low case has 
magnetic properties has arisen. 

[0008] The purpose of this invention is to offer the manufacture method, the magnet material, and the bond 

magnet of the magnet material from which high magnetic properties are obtained 

[0009] 

[Means for Solving the Problem] The volumetric flow rate Q of a quenching thin band (volume of the molten 
metal injected by per volume = unit time of the quenching thin band manufactured by per unit time) is 
expressed with the following formula (I) when it is made into the peripheral velocity V of the width of face w of 
a quenching thin band, thickness t, and a cooling roller 
[0010] Q=wxtxV ... (I) 

On the other hand, since a paddle tends to spread more that the wettability (only henceforth "wettability of a 
roll peripheral surface") to the molten metal of the peripheral surface of a cooling roller is good in latus area on 
the peripheral surface of a cooling roller, the width of face w of a quenching thin band becomes large, and if the 
wettabdity of a roll peripheral surface is bad, the width of face w of a quenching thin band will become small 
conversely. 

[0011] Therefore, when a quenching thin band is manufactured having set the peripheral velocity V of a cool ing 
roller, and the volumetric flow rate Q of a quenching thin band as constant, when the wettability of the 
above-mentioned formula (I) to a roll peripheral surface is good, width of face w is large, a small quenching thin 
band is obtained for thickness t, and if the wettability of a roll peripheral surface is conversely bad, width of 
face w will be small, a large quenching thin band will be obtained for thickness t, and it will become things. 
[0012] And if thickness tof a quenching thin band is small, although heat transfer of the thickness direction is 
made for a short time and is advantageous to detailedizing of crystal grain If thickness t of a quenching thin 
band is large, the heat transfer nature of the thickness direction is bad, the difference of the cooling rate of the 
roll side (field of the side in contact with the peripheral surface of a cooling roller) of a quenching thin band and 
a free side (field of the side which does not contact the peripheral surface of a cooling roller) will become large, 
and crystal grain will especially big-and-roughbccome easy to turn into a free side side. 
[0013] Since it was such, as a result of inquiring wholeheartedly paying attention to the wettability of a roll 
peripheral surface, by using the cooling roller which made wettability of a roll peripheral surface the 
predetermined range, this invention person could attain detailedization of crystal grain, found out that 
outstanding magnetic properties were obtained, and resulted in this invention. 
[0014] That is, this invention is as being shown in following the (l) - (13). 

[0015] (1) Inject the molten metal of magnet material from a nozzle, make it collide with the peripheral surface 
of the cooling roller which is rotating to the aforementioned nozzle, and carry out cooling solidification. The 
metallic material which is the manufacture method of magnet material of manufacturing a thin band-like 
magnet material, and constitutes the peripheral surface of the aforementioned cooling roller The manufacture 
method of the magnet material characterized by being that from which the contact angle with the 
aforementioned horizontal surface of the congelation to make becomes 70- 170 degrees when the drop of the 
aforementioned molten metal is made to place and solidify on the horizontal surface of this metallic material. 
10016] (2) Inject the molten metal of magnet material from a nozzle in a controlled atmosphere, make it collide 
with the peripheral surface of the cooling roller which is rotating to the aforementioned nozzle, and carry out 
cooling solidification. The metallic material which is the manufacture method of magnet material of 
manufacturing a thin band-like magnet material, and constitutes the peripheral surface of the aforementioned 
cooling roller The manufacture method of the magnet material characterized by being that from which the 
contact angle with the aforementioned horizontal surface of the congelation to make becomes 70-170 degrees 
when the drop of the aforementioned molten metal is made to place and solidify on the horizontal surface of the 
aforementioned metallic material in the aforementioned controlled atmosphere, a homotypic, and the gas of 
this . 

[0017] (3) The above (l) whose peripheral velocity of the aforementioned cooling roller is l-60m/second, or the 
manufacture method of a magnet material given in (2). 

[0018] (4) The above (l) whose maximum eccentricity of the cooling roller peripheral surface accompanying 
rotation of the aforementioned cooling roller is below the double precision of the average thickness of a thin 
band-like magnet material obtained, or the manufacture method of a magnet material given in either of (3). 
L0019J (5) The aforementioned controlled atmosphere is the manufacture method of a magnet material the 
above (1) which is inert gas, or given in either of (4). 

[0020] (6) The aforementioned magnet material is the manufacture method of a magnet material the above (l) 
which is an alloy containing R (however, at least one sort in the rare earth elements in which R contains Y) or 
given in either of (5). 

[0021] (7) The aforementioned magnet material is the manufacture method of a magnet material the above (1) 



which is an alloy containing R (however, at least one sort in the rare earth elements in which R contains Y), and 
TM (however, TM, at least one sort in transition metals) and B, or given in either of (5). 

[0022] (8) Thin band-like magnet material characterized by being manufactured by the manufacture method of 
a magnet material the above (l) or given in either of (7). 

[0023] (9) Powdered magnet material characterized by having ground the magnet material of a publication to 
the above (8), and supposing that it is powdered. 

[0024] (10) The bond magnet which combines a powdered magnet material of a publication with the above (9) by 
the joint resin, and is characterized by the bird clapper. 

[0025] (11) A bond magnet given in the above (10) whose content of the magnet material of the shape of 
aforementioned powder is 82 - 99.5wt%. 

[0026] (12) Coercive force iHc The above (10) which is 0.35 or more MA/m, or bond magnet given in (11). 
[0027] (13) Magnetic-energy product (BH) max 50 kJ/m3 The above (10) which it is above, or bond magnet given 
in either of (.12). 
[0028] 

[Embodiments of the Invention] Hereafter, the manufacture method, the magnet material, and the bond 
magnet of the magnet material of this invention are explained in detail, referring to an accompanying drawing. 
[0029] The perspective diagram showing the example of composition of the equipment (quenching thin band 
manufacturing installation) to which drawing 1 manufactures the magnet material of this invention by the 
single rolling method, and drawmgj2 are the cross-section side elevations showing the state near the collision 
part to the cooling roller of the molten metal in the equipment shown in drawing 1 . 

[0030] As shown in drawing 1 , the quenching thin band manufacturing installation 1 is equipped with the 
barrel 2 which can contain magnet material, and the cooling roller 5 which rotates in the direction of arrow in 
drawing A to this barrel 2. The nozzle (orifice) 3 which injects the molten metal of magnet material is formed in 
the soffit of a barrel 2. 

[0031] Moreover, by arranging the coil 4 for heating at an about three nozzle [ of a barrel 2 ] periphery, and 
impressing a RF to this coil 4, the inside of a barrel 2 is heated (Hi) and the magnet material in a barrel 2 is 
changed into a melting state. 

[0032] The cooling roller 5 consists of a base 51 and a surface layer 52 which forms the peripheral surface 53 of 
a cooling roller 5. 

[0033] The component of a base 51 may consist of the quality of the materials which may really consist of the 
same quality of the materials as a surface layer 52, and are different in a surface layer 52. 
[0034] Although especially the component of a base 51 is not limited, it is desirable to consist of metallic 
materials with high thermal conductivity like copper or a copper system alloy so that the heat of a surface layer 
52 can be radiated more quickly. 

[0035] Moreover, as lor a surface layer 52, it is desirable to consist of metallic materials which are described 
below. 

[0036] Such a quenching thin band manufacturing installation 1 is installed in a chamber (not shown), and 
operates in the state where it filled up with the controlled atmosphere of inert gas or others preferably in this 
chamber. In order to prevent oxidization of the quenching thin band 8 especially as for a controlled atmosphere, 
it is desirable that it is inert gas. 

[0037] As inert gas, although argon gas, gaseous helium, nitrogen gas, etc. are mentioned, for example, 
especially gaseous helium is desirable, the dimple according to the contamination of a gas stream to the roll 
side 81 of the quenching thin band 8 when gaseous helium is used for the reason as a controlled atmosphere, 
especially area - the huge 2000-micrometer two or more dimples 13 (the imaginary line in drawing 2 shows) - 
being generated - being hard - it is because heat transfer nature improves and higher magnetic properties are 
obtained 

[0038] When magnet ingredients are paid in a barrel 2, and it heats with a coil 4, it fuses in the quenching thin 
band manufacturing installation 1 and the molten metal 6 is injected from a nozzle 3, as shown in drawing 2 , a 
molten metal 6 It is cooled quickly, and solidifies, being dragged by the peripheral surface 53 of the rotating 
cooling roller 5, after colliding with the peripheral surface 53 of a cooling roller 5 and forming a paddle (cold 
slug well) 7, and the quenching thin band 8 is formed continuously or intermittently. Thus, soon, the roll side 81 
separates from a peripheral surface 53, and the formed quenching thin band 8 runs in the direction of arrow B 
in drawingj, . In addition, a dotted line shows the solidification interface 71 of a molten metal among drawing 
2. 

[0039] Although the suitable range changes with wettability to composition of an alloy molten metal, and the 
molten metal 6 of a peripheral surface 53 etc., usually, as for the peripheral velocity V of a cooling roller 5, it is 
desirable that it is l-60m/second, and it is more desirable that it is 5-40m/second. If the peripheral velocity of a 
cooling roller 5 is too slow, thickness t of the quenching thin band 8 will become thick with the volumetric flow 
rate Q of the quenching thin band 8 (refer to the aforementioned formula (I)), the diameter of crystal grain will 
increase, if the peripheral velocity V of a cooling roller 5 is too quick conversely, it will become amorphous and, 
in any case, magnetic properties will fall. 

[0040] The metallic material which constitutes the peripheral surface 53 of a cooling roller 5, i.e., the metallic 
material which constitutes a surface layer 52. (henceforth "roll peripheral surface materia!") has the wettability 



(only henceforth "wettability") to ffie following molten metals 6, and it is constituted. That is, as shown in 
drawing 3 , a horizontal surface 10 is formed with the roll peripheral surface material 9, the drop of a molten 
metal 6 is placed on this horizontal surface 10, and when it is made to solidify, the contact angle theta with the 
horizontal surface 10 of the congelation 11 to make becomes 70-170 degrees. In this case, it is desirable that it is 
80-165 degrees, as for a contact angle theta, it is more desirable that it is 90- 160 degrees, and it is still more 
desirable that it is 95-150 degrees. 

[0041] The wett ability of the peripheral surface 53 of a cooling roller 5 is not measured directly, but a horizontal 
surface 10 is formed with the same material (roll peripheral surface material) as it here, and the wettability of 
this horizontal surface 10 is measured because it cannot stop and put the drop of a molten metal 6 on a fixed 
position but measurement of a contact angle is impossible or difficult for it, since a peripheral surface 53 is a 
curve convex. 

{0042] In addition, in order to obtain more the correspondence relation with wettability of the peripheral 
surface 53 of the cooling roller 5 used for actual manufacture of a quenching thin band to accuracy on the 
occasion of measurement of a contact angle theta, it is desirable to perform solidification of the drop of a molten 
metal 6 in the aforementioned controlled atmosphere, a homotypic, and the gas of this **. Moreover, the volume 
of a congelation 11 is 3 0.005-0.1cm. Measuring in the range is desirable. 

[0043] If a contact angle theta exceeds the upper limit of the above-mentioned range, the wettability of a 
peripheral surface 53 will be bad, and it will become the inclination for thickness t of the quenching thin band 8 
to become thick with the volumetric How rate Q of the quenching thin band 8, especially the crystal grain by the 
side of the free side 82 of the quenching thin band 8 will turn big and rough, and magnetic properties will fall. 
In addition, if a volumetric flow rate Q is made small also by this case, although thickness t also becomes thin 
(refer to the aforementioned formula (I)) and this fault is canceled or eased, since the fall of productivity is 
caused, it is not desirable. 

[0044] Moreover, since the wettability of a peripheral surface 53 is too good in a contact angle theta being under 
the lower limit of the above-mentioned range, a paddle 7 spreads too much, therefore the configuration of the 
quenching thin band 8 and a size (width of face w, thickness t) become unstable, and the uniform and 
homogeneous quenching thin band 8 is not obtained (variation arises in a state, magnetic properties, etc. of 
crystal grain). 

[0045] In addition, on the occasion of measurement of a contact angle theta, the exfoliation (coming floating) 12 
as shown in drawing 4 may arise by the solidification shrinkage near the solidification interface the drop of a 
molten metal 6 contacts a horizontal surface 10. In this case, the portion which exfoliation 12 produced is 
excepted and a contact angle theta is measured. Namely, a contact angle theta is measured by using as datum 
level field 10' parallel to the horizontal surface 10 which passes along the upper limit (peak) of exfoliation 12. 
[0046] By the way, in the quenching thin band manufacturing installation 1, a cooling roller 5 faces rotating, 
and as shown in drawing 5 , some eccentricity (axial deflection) arises from the dimensional accuracy 
{roundness) of cooling roller 5 the very thing, the installation preci sion over the bearing of a cooling roller 5, etc. 
[0047] If this eccentricity is large, the front face and the solidification interface 71 of a melting alloy in a paddle 
7 vibrate, change will arise in the size (width of face w, thickness t) of the obtained quenching thin band 8, or 
change will arise at the time when the roll side 81 of the quenching thin band 8 touches the peripheral surface 
53 of a cooling roller 5. Furthermore, the incidence rate of the aforementioned huge dimple 13 also increases. 
Consequently, the cooling rate of the quenching thin band 8 etc. is changed, and variation arises in magnetic 
properties. And magnetic properties fall [ the bond magnet using the magnet powder or it which were obtained 
from such a quenching thin band 8 ]. 

[0048] In order to prevent such a thing, it is desirable to make maximum eccentricity deltaR (to refer to 
drawing 5 ) of the peripheral surface 53 of the cooling roller 5 accompanying rotation of a cooling roller 5 below 
into the double precision of thickness (average) t of the quenching thin band 8 which can be obtained by this 
^invention, considering as 1.5 or less times is more desirable, and considering as 1 or less time is still more 
desirable. Thereby, the magnetic properties of the obtained quenching thin band 8 can be made more into 
homogeneity. And the magnetic properties of the bond magnet manufactured from this can be raised. Especially 
in this invention, further excellent magnetic properties can be demonstrated according to the synergistic effect 
of specifying such maximum eccentricity deltaR and specifying the wettability of the peripheral surface 53 
mentioned above. 

[0049] Here, especially the lower limit of maximum eccentricity deltaR is the limitation of the precision of the 

bearing which supports the limitation of the process tolerance of the peripheral surface 53 of a cooling roller 5, 

and a cooling roller 5 although not limited to 0.1 micrometers. It can consider as a grade. 

[0050] In addition, maximum eccentricity deltaR can be measured with precision sizer vessels, such as for 

example, a laser displacement gage, an electrostatic displacement gage, and a precision gage. 

[0051] As a magnet material in this invention, it is R (however, R). The alloy containing at least one sort in the 

rare earth elements containing Y, especially R (however, R) Rare earth permanent magnet material like the 

alloy containing at least one sort in the rare earth elements containing Y, and TM (however, TM, at least one 

sort in transition metals) and B is mentioned, and the thing of composition of following [l] - [4] is desirable. 

[0052] [l] What makes a fundamental component the rare earth elements which are mainly concerned with Sm, 

and the transition metals which are mainly concerned with Co (henceforth a SnvCo system alloy). 



[0053] [2] What makes a fundamental component the transition metals which are mainly concerned with R 
(however, at least one sort in the rare earth elements in which R contains Y), and Fe, and B (henceforth a 
R-Fe-B system alloy). 

[0054] [3] What makes a fundamental component the rare earth elements which are mainly concerned with Sm, 
the transition metals which are mainly concerned with Fe, and the element hetween grids which is mainly 
concerned with N (henceforth an Sm-Fe-N system alloy). 

[4] What makes a fundamental component transition metals, such as R (at least one sort however, among the 
rare earth elements in which R contains Y), and Fe, and has a magnetic phase on nano meter level (nano 
crystal magnet). 

[0055] As a typical thing of a Sm-Co system alloy, SmCo5 and Sm2 TM17 (however, TM, transition metals) are 
mentioned. 

[0056] As a typical thing of a R-Fe-B system alloy, a Nd-Fe-B system alloy, a PrFe-B system alloy, a Nd Pr-Fe B 
system alloy, a Ce-Nd-Fe-B system alloy, a Ce-Pr-Nd-Fe-B system alloy, the thing that replaced a part of Fe in 
these by other transition metals, such as Co and nickel, are mentioned. 

[0057] It is Sm2 Fel7N3 which nitrided and produced Sm2 Fel 7 alloy as a typical thing of an Sm-Fe-N system 
alloy. It is mentioned. 

[0058] as the aforementioned rare earth elements, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 
Lu, and a misch metal mention - having these - one sort - or two or more sorts can be included moreover, Fe, 
Go, nickel, etc. mention as the aforementioned transition metals - having these - one sort - or two or more 
sorts can be included Moreover, in order to raise magnetic properties, in magnet material, B, aluminum, Cu, Ga 
Si, Ti, V, Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, germanium, etc. can also be contained if needed. 

[0059] The magnetic properties in which the quenching thin band (thin band like magnet material) 8 of this 
invention obtained by the above manufacture methods turned minutely, consequently crystal grain was 
excellent are obtained. 

[0060] Moreover, a powdered magnet material (magnet powder) of this invention is obtained by grinding such a 
quenching thin band 8. 

[0061] Especially the method of pulverization is not limited, for example, can be performed using various 
pulverization equipments, such as a ball mill, a vibration mill, a jet mill, and a pin mill, and a shredding 
equipment. In this case, pulverization can also be performed in a non-oxidizing atmosphere like [ under a 
vacuum or a reduced pressure state (for example, 1x10-1 - 1x10 6 Torr) or in inert gas, such as nitrogen gas 
argon gas, and gaseous helium, ], in order to prevent oxidization. 

[0062] A different thing only not only in the thing of the same composition which mixed the magnet powder of 
two or more sorts of composition is sufficient as such magnet powder. For example, what mixed at least two 
sorts in the thing of composition of aforementioned [l] - [4] is mentioned. In this case, it can have the advantage 
of each magnet powder to mix simultaneously, and more excellent magnetic properties can be obtained easily. 
[0063] Moreover, in the case of the thing for manufacturing the bond magnet mentioned later, although not 
limited, especially the mean particle diameter of magnet nowder is 0,5-60 minrnmPte^ R A is desirable and - 

it is 1-40 micrometers. A grade is more desirable, moreover, in order to obtain the good moldability at the time ' 
of fabrication by a small amount of joint resin which is mentioned later, the particle size distribution of magnet 
powder is distributed to some extent - ****' s (there is variation) it is desirable The rate of a hole of the 
obtained bond magnet can be reduced by this, the mechanical strength of a bond magnet can be raised more, 
and magnetic properties can be improved further. 

[0064] In addition, the mean particle diameters may differ for every composition of different magnet powder 
case [ powder ] and mixed although the magnet powder of two or more sorts of composition was mixed. 
Moreover, what is necessary is to just be manufactured by the method of a different this invention which at 
least one sort in the magnet powder of two or more sorts of composition mentioned above the case in the end of 
such mixed powder. 

[0065] When a bond magnet is manufactured using the above magnet powder, such magnet powder has good 
unity (wettability of a joint resin) with a joint resin, therefore this bond magnet has a high mechanical strength 
and it becomes the thing excellent in thermal stability (thermal resistance) and corrosion resistance. Therefore, 
the magnet powder concerned fits manufacture of a bond magnet. 

[0066] In addition, the magnet powder (powdered magnet material) of this invention cannot be overemphasized 
by that you may be what it is not limited to what is used for manufacture of a bond magnet, for example, is used 
for manufacture of a sintered magnet. 

[0067] Next, the bond magnet of this invention is explained. 

[0068] The bond magnet of this invention comes to join the above-mentioned magnet powder together by the 
joint resin. 

[0069] As a joint resin (binder), any of thermoplastics and thermosetting resin are sufficient. 
[0070] As thermoplastics, for example A polyamide (example : nylon 6, Nylon 46, Nylon 66, Nylon 610, Nylon 
612, Nylon 11, Nylon 12, Nylon 612, nylon 6 -66), Liquid crystal polymers, such as a thermoplastic polyimide 
and an aromatic polyester, a polyphenylene oxide, Polyolefines, such as polyphenylene sulfide, polyethylene, 
polypropylene, and an ethylene vinylacetate copolymer, A denaturation polyolefine, a polycarbonate, a 
polymethylmethacrylate, Polyester, such as a polyethylene terephthalate and a polybutylene terephthalate. 



The copolymer which is mainly concerned with these, a Mend object, a polymer alloy, etc. are mentioned, and a 
polyether, a polyether ether ketone, polyether imide, a polyacetal, etc. can mix and use 1 of sorts of these, and 
two sorts or more. 

[0071] Also among these, especially the moldability is excellent, and since the mechanical strength is high, that 
which is mainly concerned with a liquid crystal polymer and polyphenylene sulfide from the point of a 
polyamide and heat-resistant improvement is desirable. Moreover, these thermoplastics is excellent also in 
kneading nature with magnet powder. 

[0072] Such thermoplastics has the advantage that selection wide range like what thought the moldability as 
important and the thing which thought thermal resistance and the mechanical strength as important is 
attained by the kind, copolymerization-ization, etc. 

[0073] On the other hand, as thermosetting resin, various epoxy resins, such as a bisphenol type, a novolak type 
and a naphthalene system, phenol resin, a urea resin, melamine resin, a polyester (unsaturated polyester) resin 
polyimide resin, silicone resin, a polyurethane resin, etc. are mentioned, and 1 of sorts of these and two sorts or 
more can be mixed and used, for example. 

[0074] From the point of especially the moldability being excellent also among these, and a mechanical strength 
being high and excelling in thermal resistance, an epoxy resin, phenol resin, polyimide resin, and silicone resin 
are desirable, and especially an epoxy resin is desirable. Moreover, these thermosetting resin is excellent also in 
kneading nature with magnet powder, and the homogeneity of kneading, 

[0075] In addition, the thing of a solid [ thing / liquefied ] (powdered) is sufficient as the thermosetting resin 
(un-hardening) used at a room temperature. 

[0076] Such a bond magnet of this invention is manufactured as follows, for example. Magnet powder, a joint 
resin, and the constituent for bond magnets (compound) that contains additives (an antioxidant, lubricant, etc.) 
if needed are manufactured, and it fabricates in a desired magnet configuration all over a magnetic field or a 
non-magnetic field by methods, such as compression molding, extrusion molding, and injection molding, using 
this constituent for bond magnets. When a joint resin is thermosetting resin, it is hardened by heating etc. after 
fabrication. 

[0077] As for the content of the magnet powder in a bond magnet, it is desirable that it is about 82-99.5wt%. 
and it is more desirable that it is about 90-99wt%. Although the bond magnet was especially manufactured by 
compression molding, as for the content of magnet powder, to a case, it is desirable that it is about 93-99. 5wt%, 
and it is more desirable to it that it is about 95-99wt%. 

[0078] If improvement in magnetic properties (especially magnetic-energy product) cannot be aimed at if there 
are too few contents of magnet powder, and there are too many contents of magnet powder, joint resins content 
will decrease relatively and a moldability will fall. 

[0079] Such a bond magnet of this invention demonstrates outstanding magnetic properties from the property 
of the quenching thin band 8 used as the raw material mentioned above, the numerousness of the manufacture 
conditions of a bond magnet, and the contents of the magnet powder contained in a bond magnet, etc. 
[0080] That is, the bond magnet of this invention is coercive force illc. 0.35 or more MA/m is 0.50 or more MA/m 
more preferably. 

[0081] The bond magnet of this invention, especially the bond magnet fabricated all over the non-magnetic field 
are magnetic-energy (product BH) max. It is 50 kJ/m3 preferably. It is 70 kJ/m3 more preferably above. It is 
above. 

[0082] It is not limited, for example, about a configuration, the thing of all configurations, such as the shape of 
the shape of a pillar, a prismatic, and a cylinder (the shape of a ring), circular, plate-like, and a curve tabular, is 
possible for the configuration of the bond magnet of this invention, especially a size, etc., for example, and the 
thing of all sizes is possible for them from a thing also with the large-sized size to a micro thing. 
[0083] 

[Example] Hereafter, the concrete example of this invention is explained. 

[0084] (Example l) The hardener ingot as which alloy composition is expressed in NdlOPr2.5 Febal.CoG 
aluminum3 Cul.5 Nbl Gal B5 (composition A) was cast. About 15g sample was started from this ingot. 
[0085] The quenching thin band manufacturing installation 1 of composition of being shown in drawing 1 was 
prepared, and the aforementioned sample was put in in the quartz tube which prepared the nozzle (circular 
hole orifice) in the bottom. After deaerating the inside of the chamber by which the quenching thin band 
manufacturing installation 1 is contained, gaseous helium was introduced as a controlled atmosphere and it 
considered as the temperature of 21 degrees C, and the controlled atmosphere of pressure 60KPa. 
[0086] Then, the ingot sample in a quartz tube was fused by high-frequency induction heating, this molten 
metal was injected by the differential pressure of the internal pressure of a quartz tube, and an ambient 
pressure towards the peripheral surface of the cooling roller with a diameter [ of 200mm ], and a width of face of 
20mm which rotates by 1500rpm (peripheral velocity : 15.7m/(second)), and the quenching thin band of the 
alloy of the aforementioned composition A was obtained. 

[0087] The surface layer (roll peripheral surface) of a cooling roller should consist of Pd-8wt%Ru-2wt%Pt alloys. 
Moreover, thickness of this surface layer was set to 5mm. 

[0088] It was 95 degrees when the contact angle theta of the aforementioned congelation was measured by the 
method which forms a horizontal surface with the component and this material of this surface layer, trickles 



the molten metal of the aforementioned composition A calmly, is made to solidify it on the aforementioned 
horizontal surface in the gas of the aforementioned controlled atmosphere and these conditions, obtains a 
congelation (volume 0.01cm3), and is shown in drawing 3 or drawing 4 . In addition, measurement of a contact 
angle theta was optically performed using the projector. 

[0089] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 
surface by rotation of a cooling roller by the laser displacement gage - deltaR=10micrometer it was . 
[0090] (Example 2) The quenching thin band was manufactured like the example 1 except having constituted 
the surface layer (roll peripheral surface) of a cooling roller from a nickel-10wt%Ti l0wt%aluminum-5wt%Mo 
alloy. 

[0091] It was 150 degrees, when the horizontal surface was formed with the component and this material of this 
surface layer, the molten metal of the aforementioned composition A is dropped calmly was made to solidify on 
the aforementioned horizontal surface in the gas of the aforementioned controlled atmosphere and these 
conditions, the congelation (volume 0.01cm3) was obtained and the contact angle theta of the aforementioned 
congelation was measured by the same method as an example 1. 

[0092] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 
surface by rotation of a cooling roller by the laser displacement gage - deltaR=12micrometer it was . 
[0093] (Example 3) While manufacturing a quenching thin band from the molten metal of this composition 
which used the ingot which consists of NdllCe2 Sml Febal.Co4 Cul.5 Gal Ti0.5 B6 (composition B) The 
quenching thin band was manufactured like the example 1 except having constituted the surface layer (roll 
peripheral surface) of a cooling roller from a W-20wt%Zr-3wt%Nb alloy. 

[0094] It was 70 degrees, when the horizontal surface was formed with the component and this material of this 
surface layer, the molten metal of the aforementioned composition B is dropped calmly was made to solidify on 
the aforementioned horizontal surface in the gas of the aforementioned controlled atmosphere and these 
conditions, the congelation (volume 0.01cm3) was obtained and the contact angle theta of the aforementioned 
congelation was measured by the same method as an example 1. 

[0095] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 

surface by rotation of a cooling roller by the laser displacement gage ■■ deltaR=9micrometer it was . 

[0096] About each quenching thin band of the characterization of quenching thin band> examples 13, the 

width of lace w and thickness t were measured. This measurement was measured by 20 point of measurement 

per quenching thin band by the microscope, and was made into the value which averaged this, respectively. 

[0097] Next, while measuring the diameter of average crystal grain from the organization observation result by 

transverse electromagnetic about each quenching thin band, magnetic properties (coercive force iHc and 

magnetic-energy (product BH) max) were measured by VSM. 

[0098] These measurement results are shown in the following table 1. 

[0099] In addition, there was very little variation by the measurement part (less than **5% of averages), and 

each size (width of face w, thickness t) of each quenching thin band had high dimensional stability 

[0100] Moreover, when the rate of area which observes a roll side with a scanning electron microscope (SEM) ; 

and performs image analysis further about each quenching thin band, and the with a 2000- micrometer area [ or 

more 2 ] huge dimple to a roll side occupies from this analysis result was investigated, all were very low values 

[0101] 
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[0102] As shown in Table 1, each quenching thin band of this invention of examples 1-3 can attain 
detailed ization of crystal grain, and high magnetic properties are obtained. 

[0103] (Example 4) A grinder (RAIKAI machine) grinds the quenching thin band of an example 1 in inert gas, 
and a mean particle diameter is 16 micrometers. It considered as magnet powder, this magnet powder, epoxy 
resin 2.0wt%, hydrazine system antioxidant 0.15wt%, and stearate (lubricant) 0.05wt% were mixed, this 
mixture was fully kneaded (120 degree*Cx 10 minutes), and the constituent for bond magnets (compound) was 



produced. 

[0104] subsequently grinding this compound and being granular - carrying out - this granular object 
weighing capacity - carrying out - the metal mold of press equipment inside being filled up - 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non-magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar -like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0105] (Example 5) A grinder (RAIKAI machine) grinds the quenching thin band of an example 2 in inert gas, 
and a mean particle diameter is 20 micrometers. It considered as magnet powder, this magnet powder, epoxy 
resin 2.5wt%, hydrazine system antioxidant 0.1wt%, and stearate (lubricant) 0.1wt% were mixed, this mixture 
was fully kneaded (120 degreeCx 10 minutes), and the constituent for bond magnets (compound) was produced 
[0106] subsequently - grinding this compound and being granular - carrying out - this granular object 
weighing capacity - carrying out - the metal mold of press equipment - inside - being filled up - 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0107] (Example 6) A grinder (RAIKAI machine) grinds the quenching thin band of an example 3 in inert gas, 
and a mean particle diameter is 18 micrometers. It considered as magnet powder, this magnet powder, epoxy 
resin 1.9wt%, hydrazine system antioxidant 0.1 wt%, and stearate (lubricant) 0.05wt% were mixed, this 
mixture was fully kneaded (120 degree Cx 10 minutes), and the constituent for bond magnets (compound) was 
produced. 

[0108] subsequently ■■ grinding this compound and being granular - carrying out -■ this granular object — 
weighing capacity - carrying out -- the metal mold of press equipment - inside - being filled up 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0109] (Example 7) The magnet powder obtained in the example 4 and the magnet powder obtained in the 
example 6 were uniformly mixed by the weight ratio 6' 4, and mixed magnet powder was obtained. This mixed 
magnet powder, epoxy resin 2.0wt%, hydrazine system antioxidant 0.15wt%, and stearate (lubricant) 0.05wt% 
were mixed, this mixture was fully kneaded (120 degree-Cx 10 minutes), and the constituent for bond magnets 
(compound) was produced. 

[0110] subsequently ■■ grinding this compound and being granular - carrying out this granular object - 
weighing capacity -- carrying out the metal mold of press equipment inside *• being filled up 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non-magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0111] (Example 8) The magnet powder obtained in the example 4, the magnet powder obtained in the example 
5, and the magnet powder obtained in the example 6 were uniformly mixed by the weight ratio 2-3 : 5, and mixed 
magnet powder was obtained. This mixed magnet powder, epoxy resin 1.8wt%, hydrazine system antioxidant 
0.2wt%, and stearin acid (lubricant) 0.1wt% were mixed, this mixture was fully kneaded (120 degree-Cx 10 
minutes), and the constituent for bond magnets (compound) was produced. 

[0112] subsequently grinding this compound and being granular •• carrying out this granular object 
weighing capacity - carrying out the metal mold of press equipment - inside - being filled up 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non-magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0113] About each bond magnet of the <characterization of bond magnet> examples 4-8, the magnetic 
properties (coercive force iHc and magnetic-energy (product BH) max) were measured in maximum impression 
magnetic field 2 MA/m with the account fluxmeter of ******. 

[0114] furthermore - these bond magnets - 60 degree Cx95%RH ■• the constant temperature by 500 hours ■■ 
the constant humidity examination was performed and corrosion resistance was investigated This corrosion 
resistance distinguished the existence of generating of the rust in a bond magnet front face by viewing, and 
evaluated as a x mark what ** mark and generating of rust were notably accepted in in what O mark and 
generating of rust were accepted in a little in the thing without generating of rust. 

[0115] These measurement results are shown in the following table 2, Moreover, the content (in the case of 
mixed magnet powder, it is the total amount) of the magnet powder in each bond magnet is collectively 
described all over the following table 2. 
[0116] 
[Table 2] 
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[0117] As shown in Table 2, each bond magnet of this invention of examples 4 8 is more than coercive force iHc 
0.35 MA/m and magnetic-energy (product BH) max. 50 kJ/m3 Corrosion resistance is also excellent while 
having the magnetic properties which were excellent with the above. 

[0118] Especially, more excellent magnetic properties are obtained in the examples 7 and 8 using mixed magnet: 

powder. 

[0119] 

[Effect of the Invention] Cooling of a molten metal is made good by using the cooling roller of a peripheral 
surface which was described above and which has moderate wettability like according to this invention. 
Therefore, big and rough-ization of crystal grain is prevented, and the obtained quenching thin band has high 
magnetic properties. 

[0120] Especially the difference of the diameter of crystal grain of the roll side of a quenching thin band and a 
free side can be made small, and equalization of magnetic properties can be attained. Therefore, the permanent 
magnet which has magnetic properties and corrosion resistance excellent in the high mechanical strength can 
be offered. 

[0121] Moreover, by making small the maximum eccentricity of a cooling roller peripheral surface, the variation 
in the magnetic properties of a quenching thin band can be prevented effectively, and a permanent magnet with 
more excellent magnetic properties can be offered. 

[0122] Moreover, in this invention, such a magnet can be manufactured easily, and productivity is also high. 
TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the manufacture method, the magnet 
material, and the bond magnet of magnet material. 

PRIOR ART 



[Description of the Prior Art] Since the rare earth permanent magnet material which consists of alloys 
containing rare earth elements as a magnet material has high magnetic properties, when used for a motor etc., 
it demonstrates high performance. 

[0003] Such a magnet material is manufactured by the quenching method which used for example, the 
quenching thin band manufacturing installation. This manufacture method is as follows. 

[0004] Fuse the magnet material (henceforth an "alloy**) of predetermined alloy composition, inject the molten 
metal from a nozzle, and it is made to collide with the peripheral surface of the cooling roller which is rotating 
to a nozzle, and by making this peripheral surface contact, it quenches, an alloy is solidified and a thin 
band-like (ribbon base) alloy is formed continuously. This thin band-like alloy is called quenching thin band. 
[0005] By the way, although the molten metal injected from the nozzle collides with the peripheral surface of a 
cooling roller, a paddle (cold slug well) is formed first, and it is cooled after that and solidified, if the cooling rate 
is slow, crystal grain will turn big and rough and magnetic properties will fall. 

[0006] Therefore, as a metallic material which constitutes the peripheral surface of a cooling roller, the material 
which is excellent in thermal conductivity was chosen. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Cooling^T a molten metal is made good by using the cooling roller of a peripheral 
surface which was described above and which has moderate wettability like according to this invention. 
Therefore, big and rough-ization of crystal grain is prevented, and the obtained quenching thin band has high 
magnetic properties. 

[0120] Especially, the difference of the diameter of crystal grain of the roll side of a quenching thin band and a 
free side can be made small, and equalization of magnetic properties can be attained. Therefore, the permanent 
magnet which has magnetic properties and corrosion resistance excellent in the high mechanical strength can 
be offered. 

[0121] Moreover, by making small the maximum eccentricity of a cooling roller peripheral surface, the variation 
in the magnetic properties of a quenching thin band can be prevented effectively and a permanent magnet with 
more excellent magnetic properties can be offered. 

[0122] Moreover, in this invention, such a magnet can be manufactured easily and productivity is also high. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, even when the metallic material excellent in thermal 
conductivity is used for the peripheral surface of a cooling roller in recent years, the problem that magnetic 
properties may be low has arisen. 

[0008] The purpose of this invention is to offer the manufacture method, the magnet material, and the bond 
magnet of the magnet material from which high magnetic properties are obtained. 



MEANS 



[Means for Solving the Problem] The volumetric flow rate Q of a quenching thin band (volume of the molten 
metal injected by per volume = unit time of the quenching thin band manufactured by per unit time) is 
expressed with the following formula (1) when i t is made into the peripheral velocity V of the width of face w of 
a quenching thin band, thickness t, and a cooling roller. 
[0010] Q=wxtxV... (I) 

On the other hand, since a paddle tends to spread more that the wettability (only henceforth "wettability of a 
roll peripheral surface") to the molten metal of the peripheral surface of a cooling roller is good in latus area on 
the peripheral surface of a cooling roller, the width of face w of a quenching thin band becomes large, and if the 
wettability of a roll peripheral surface is bad, the width of face w of a quenching thin band will become small 
conversely 

[0011] Therefore, when a quenching thin band is manufactured having set the peripheral velocity V of a cooling 
roller, and the volumetric flow rate Q of a quenching thin band as constant, when the wettability of the 
above-mentioned formula (I) to a roll peripheral surface is good, width of face w is large, a small quenching thin 
band is obtained for thickness t, and if the wettability of a roll peripheral surface is conversely bad, width of 
face w will be small, a large quenching thin band will be obtained for thickness t, and it will become things. 
[0012] And if thickness t of a quenching thin band is small, although heat transfer of the thickness direction is 
made for a short time and is advantageous to detailed-izing of crystal grain If thickness t of a quenching thin 
band is large, the heat transfer nature of the thickness direction is bad, the difference of the cooling rate of the 
roll side (field of the side in contact with the peripheral surface of a cooling roller) of a quenching thin band and 
a free side (field of the side which does not contact the peripheral surface of a cooling roller) will become large, 
and crystal grain will especially big-and-roughbecome easy to turn into a free side side. 
[0013] Since it was such, as a result of inquiring wholeheartedly paying attention to the wettability of a roll 
peripheral surface, by using the cooling roller which made wettability of a roll peripheral surface the 
predetermined range, this invention person could attain detailed-ization of crystal grain, found out that 
outstanding magnetic properties were obtained, and resulted in this invention. 
[0014] That is, this invention is as being shown in following the (l) - (13). 

[0015] (1) Inject the molten metal of magnet material from a nozzle, make it collide with the peripheral surface 
of the cooling roller which is rotating to the aforementioned nozzle, and carry out cooling solidification. The 
metallic material which is the manufacture method of magnet material of manufacturing a thin band-like 
magnet material, and constitutes the peripheral surface of the aforementioned cooling roller The manufacture 
method of the magnet material characterized by being that from which the contact angle with the 
aforementioned horizontal surface of the congelation to make becomes 70-170 degrees when the drop of the 
aforementioned molten metal is made to place and solidify on the horizontal surface of this metallic material. 
[0016] (2) Inject the molten metal of magnet material from a nozzle in a controlled atmosphere, make it collide 
with the peripheral surface of the cooling roller which is rotating to the aforementioned nozzle, and carry out 
cooling solidification. The metallic material which is the manufacture method of magnet material of 



manufacturing a thin band-like magnet material, and constitutes the peripheral surface of the aforementioned 
cooling roller The manufacture method of the magnet material characterized by being that from which the 
contact angle with the aforementioned horizontal surface of the congelation to make becomes 70 170 degrees 
when the drop of the aforementioned molten metal is made to place and solidify on the horizontal surface of the 
aforementioned metallic material in the aforementioned controlled atmosphere, a homotypic, and the gas of 
this **. 

[0017] (3) The above (l) whose peripheral velocity of the aforementioned cooling roller is l-60m/second, or the 
manufacture method of a magnet material given in (2). 

[0018] (4) The above (l) whose maximum eccentricity of the cooling roller peripheral surface accompanying 
rotation of the aforementioned cooling roller is below the double precision of the average thickness of a thin 
band-like magnet material obtained, or the manufacture method of a magnet material given in either of (3). 
[0019] (5) The aforementioned controlled atmosphere is the manufacture method of a magnet material the 
above (l) which is inert gas, or given in either of (4), 

[0020] (6) The aforementioned magnet material is the manufacture method of a magnet material the above (1) 
which is an alloy containing R (however, at least one sort in the rare earth elements in which R contains YX or 
given in either of (5). 

[0021] (7) The aforementioned magnet material is the manufacture method of a magnet material the above (l) 
which is an alloy containing R (however, at least one sort in the rare earth elements in which R contains Y), and 
TM (however, TM, at least one sort in transition metals) and B, or given in either of (5). 

[0022] (8) Thin band-like magnet material characterized by being manufactured by the manufacture method of 
a magnet material the above (l) or given in either of (7). 

[0023] (9) Powdered magnet material characterized by having ground the magnet material of a publication to 
the above (8), and supposing that it is powdered. 

[0024] (10) The bond magnet which combines a powdered magnet material of a publication with the above (9) by 
the joint resin, and is characterized by the bird clapper. 

[0025] (11) A bond magnet given in the above (10) whose content of the magnet material of the shape of 
aforementioned powder is 82 - 99.5wt%. 

[0026] (12) Coercive force illc The above (10) which is 0.35 or more MA/m, or bond magnet given in (ll). 
[0027] (13) Magnetic-energy product (BH) max 50 kJ/m3 The above (10) which it is above, or bond magnet given 
in either of (12). 
[0028] 

[Embodiments of the Invention] Hereafter, the manufacture method, the magnet material, and the bond 
magnet of the magnet material of this invention are explained in detail, referring to an accompanying drawing. 
[0029] The perspective diagram showing the example of composition of the equipment (quenching thin band 
manufacturing installation) to which drawing 1 manufactures the magnet material of this invention by the 
single rolling method, and drawing 2 are the cross-section side elevations showing the state near the collision 
part to the cooling roller of the molten metal in the equipment shown in drawing 1 . 

[0030] As shown in drawing 1 , the quenching thin band manufacturing installation 1 is equipped with the 
barrel 2 which can contain magnet material, and the cooling roller 5 which rotates in the direction of arrow in 
drawing A to this barrel 2. The nozzle (orifice) 3 which injects the molten metal of magnet mater ial is formed in 
the soffit of a barrel 2. 

[0031] Moreover, by arranging the coil 4 lor heating at an about three nozzle [ of a barrel 2 ] periphery, and 
impressing a RF to this coil 4, the inside of a barrel 2 is heated (III) and the magnet material in a barrel 2 is 
changed into a melting state. 

10032] The cooling roller 5 consists of a base 51 and a surface layer 52 which forms the peripheral surface 53 of 
a cooling roller 5. 

[0033] The component of a base 51 may consist of the quality of the materials which may really consist of the 
same quality of the materials as a surface layer 52, and are different in a surface layer 52. 
[0034] Although especially the component of a base 51 is not limited, it is desirable to consist of metallic 
materials with high thermal conductivity like copper or a copper system alloy so that the heat of a surface layer 
52 can be radiated more quickly. 

[0035] Moreover, as for a surface layer 52, it is desirable to consist of metallic materials which are described 
below. 

[0036] Such a quenching thin band manufacturing installation 1 is installed in a chamber (not shown), and 
operates in the state where it filled up with the controlled atmosphere of inert gas or others preferably in this 
chamber. In order to prevent oxidization of the quenching thin band 8 especially, as for a controlled atmosphere, 
it is desirable that it is inert gas. 

[0037] As inert gas, although argon gas, gaseous helium, nitrogen gas, etc. are mentioned, for example, 
especially gaseous helium is desirable, the dimple according to the contamination of a gas stream to the roll 
side 81 of the quenching thin band 8 when gaseous helium is used for the reason as a controlled atmosphere, 
especially area - the huge 2000-micrometer two or more dimples 13 (the imaginary line in drawing 2 shows) - 
being generated - being hard - it is because heat transfer nature improves and higher magnetic properties are 
obtained 



[0038] When magnet ingredients are paid in a barrel 2, and it heats with a coil 4, it fuses in the quenching thin 
band manufacturing installation 1 and the molten metal 6 is injected from a nozzle 3, as shown in - drawing 2 , a 
molten metal 6 It is cooled quickly, and solidifies, being dragged by the peripheral surface 53 of the rotating 
cooling roller 5, after colliding with the peripheral surface 53 of a cooling roller 5 and forming a paddle (cold 
slug well) 7, and the quenching thin band 8 is formed continuously or intermittently Thus, soon, the roll side 81 
separates from a peripheral surface 53, and the formed quenching thin band 8 runs in the direction of arrow B 
in drawintr 1 . In addition, a dotted line shows the solidification interface 71 of a molten metal among drawin.tr 
2 . 

[0039] Although the suitable range changes with wettability to composition of an alloy molten metal, and the 
molten metal 6 of a peripheral surface 53 etc., usually, as for the peripheral velocity V of a cooling roller 5, it is 
desirable that it is l GOm/second, and it is more desirable that it is 5*40m/second. If the peripheral velocity of a 
cooling roller 5 is too slow, thickness t of the quenching thin band 8 will become thick with the volumetric flow 
rale Q of the quenching thin band 8 (refer to the aforementioned formula (I)), the diameter of crystal grain will 
increase, if the peripheral velocity V of a cooling roller 5 is too quick conversely it will become amorphous and, 
in any case, magnetic properties will fall. 

[0040] The metallic material which constitutes the peripheral surface 53 of a cooling roller 5, i.e., the metallic 
material which constitutes a surface layer 52, (henceforth "roll peripheral surface material") has the wettability 
(only henceforth "wettability") to the following molten metals 6, and it is constituted. That is, as shown in 
drawing 3 , a horizontal surface 10 is formed with the roll peripheral surface material 9, the drop of a molten 
metal 6 is placed on this horizontal surface 10, and when it is made to solidify, the contact angle theta with the 
horizontal surface 10 of the congelation 11 to make becomes 70-170 degrees. In this case, it is desirable that it is 
80-165 degrees, as for a contact angle theta, it is more desirable that it is 90-160 degrees, and it is still more 
desirable that it is 95-150 degrees. 

[0041] The wettability of the peripheral surface 53 of a cooling roller 5 is not measured directly but a horizontal 
surface 10 is formed with the same material (roll peripheral surface material) as it here, and the wettabili ty of 
this horizontal surface 10 is measured because it cannot stop and put the drop of a molten metal 6 on a fixed 
position but measurement of a contact angle is impossible or difficult for it, since a peripheral surface 53 is a 
curve convex. 

[0042] In addition, in order to obtain more the correspondence relation with wettability of the peripheral 
surface 53 of the cooling roller 5 used for actual manufacture of a quenching thin band to accuracy on the 
occasion of measurement of a contact angle theta, it is desirable to perform solidification of the drop of a molten 
metal 6 in the aforementioned controlled atmosphere, a homotypic, and the gas of this **. Moreover, the volume 
of a congelation 11 is 3 0.005-0. lcm. Measuring in the range is desirable. 

[0043] If a contact angle theta exceeds the upper limit of the above-mentioned range, the wettability of a 
peripheral surface 53 will be bad, and it will become the inclination for thickness t of the quenching thin band 8 
to become thick with the volumetric flow rate Q of the quenching thin band 8, especially the crystal grain by the 
side of the free side 82 of the quenching thin band 8 will turn big and rough, and magnetic properties will fall. 
In addition, if a volumetric flow rate Q is made small also by this case, although thickness 1, also becomes thin 
(refer to the aforementioned formula (I)) and this fault is canceled or eased, since the fall of productivity is 
caused, it is not desirable. 

[0044] Moreover, since the wettability of a peripheral surface 53 is too good in a contact angle theta being under 
the lower limit of the above-mentioned range, a paddle 7 spreads too much, therefore the configuration of the 
quenching thin band 8 and a size (width of face w, thickness t) become unstable, and the uniform and 
homogeneous quenching thin band 8 is not obtained (variation arises in a state, magnetic properties, etc. of 
crystal grain). 

[0045] In addition, on the occasion of measurement of a contact angle theta, the ablation (coming floating) 12 as 
shown in drawing 4 may arise by the solidification shrinkage near the solidification interface the drop of a 
molten metal 6 contacts a horizontal surface 10. In this case, the portion which ablation 12 produced is excepted 
and a contact angle theta is measured. Namely, a contact angle theta is measured by using as datum level field 
10' parallel to the horizontal surface 10 which passes along the upper limit (peak) of ablation 12. 
[0046] By the way, in the quenching thin band manufacturing installation 1, a cooling roller 5 faces rotating, 
and as shown in drawing 5 , some eccentricity (axial deflection) arises from the dimensional accuracy 
(roundness) of cooling roller 5 the very thing, the installation precision over the bearing of a cooling roller 5, etc. 
[0047] If this eccentricity is large, the front face and the solidification interface 71 of a melting alloy in a paddle 
7 vibrate, change will arise in the size (width of face w, thickness t) of the obtained quenching thin band 8, or 
change will arise at the time when the roll side 81 of the quenching thin band 8 touches the peripheral surface 
53 of a cooling roller 5. Furthermore, the incidence rate of the aforementioned huge dimple 13 also increases. 
Consequently, the cooling rate of the quenching thin band 8 etc, is changed, and variation arises in magnetic 
properties. And magnetic properties fall [ the bond magnet using the magnet powder or it which were obtained 
from such a quenching thin band 8 ]. 

[0048] In order to prevent such a thing, it is desirable to make maximum eccentricity deltaR (to refer to 
drawing 5 ) of the peripheral surface 53 of the cooling roller 5 accompanying rotation of a cooling roller 5 below 
into the double precision of thickness (average) t of the quenching thin band 8 which can be obtained by this 



invention, considering as 1.5 or less times is more desirable, and considering as 1 or less time is still more 
desirable. Thereby, the magnetic properties of the obtained quenching thin band 8 can be made more into 
homogeneity. And the magnetic properties of the bond magnet manufactured from this can be raised. Especially 
in this invention, further excellent magnetic properties can be demonstrated according to the synergistic effect 
of specifying such maximum eccentricity deltaR and specifying the wettability of the peripheral surface 53 
mentioned above. 

[0049] Here, especially the lower limit of maximum eccentricity deltaR is the limitation of the precision of the 

bearing which supports the limitation of the process tolerance of the peripheral surface 53 of a cooling roller 5, 

and a cooling roller 5 although not limited to 0.1 micrometers. It can consider as a grade. 

[0050] In addition, maximum eccentricity deltaR can be measured with precision sizer vessels, such as for 

example, a laser displacement gage, an electrostatic displacement gage, and a precision gage. 

[0051] As a magnet material in this invention, it is R (however, R). The alloy containing at least one sort in the 

rare earth elements containing Y, especially R (however, R) Rare earth permanent magnet material like the 

alloy containing at least one sort in the rare earth elements containing Y, and TM (however, TM, at least one 

sort in transition metals) and B is mentioned, and the thing of composition of following [l] - [4] is desirable. 

[0052] [l] What makes a fundamental component the rare earth elements which are mainly concerned with Sm, 

and the transition metals which are mainly concerned with Co (henceforth a SnvCo system alloy). 

[0053] [2] What makes a fundamental component the transition metals which are mainly concerned with R 

(however, at least one sort in the rare earth elements in which R contains Y), and Fe, and B (henceforth a 

R-Fe\B system alloy). 

[0054] [3] What makes a fundamental component the rare earth elements which are mainly concerned with Sm, 
the transition metals which are mainly concerned with Fe, and the element between grids which is mainly 
concerned with N (henceforth an SmFeN system alloy). 

[4] What makes a fundamental component transition metals, such as R (at least one sort however, among the 
rare earth elements in which R contains Y), and Fe, and has a magnetic phase on nano meter level (nano 
crystal magnet). 

[0055] As a typical thing of a Sm-Co system alloy, SmCo5 and Sm2 TM17 (however, TM, transition metals) are 
mentioned. 

[0056] As a typical thing of a RFeB system alloy, a NdFeB system alloy, a PrFeB system alloy, a Nd-Pr-Fe-B 
system alloy, a Ce-Nd-Fe-B system alloy, a Ce-Pr-Nd-Fe-B system alloy the thing that replaced a part of Fe in 
these by other transition metals, such as Co and nickel, are mentioned. 

[0057] It is Sm2 Fel7N3 which nitrided and produced Sm2 Fel7 alloy as a typical thing of an Sm Fe N system 
alloy. It is mentioned. 

[0058] as the aforementioned rare earth elements, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 
Lu, and a misch metal mention having - these ■■ one sort - or two or more sorts can be included moreover, Fe, 
Co, nickel, etc. mention as the aforementioned transition metals -■ having - these - one sort - or two or more 
sorts can be included Moreover, in order to raise magnetic properties, in magnet material, B, aluminum, Cu, Ga 
Si, Ti, V, Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, germanium, etc. can also be contained if needed. 

[0059] The magnetic properties in which the quenching thin band (thin band-like magnet material) 8 of this 
invention obtained by the above manufacture methods turned minutely, consequently crystal grain was 
excellent are obtained. 

[0060] Moreover, a powdered magnet material (magnet powder) of this invention is obtained by grinding such a 
quenching thin band 8. 

[0061] Especially the method of trituration is not limited, for example, can be performed using various 
trituration equipments, such as a ball mill, a vibration mill, a jet mill, and a pin mill, and a shredding 
equipment. In this case, trituration can also be performed in a non-oxidizing atmosphere like [ under a vacuum 
or a reduced pressure state (for example, 1x10-1 - 1x10-6 Torr) or in inert gas, such as nitrogen gas argon gas, 
and gaseous helium, ], in order to prevent oxidization. 

[0062] A different thing only not only in the thing of the same composition which mixed the magnet powder of 
two or more sorts of composition is sufficient as such magnet powder. For example, what mixed at least two 
sorts in the thing of composition of aforementioned [l] - [4] is mentioned. In this case, it can have the advantage 
of each magnet powder to mix simulataneously, and more excellent magnetic properties can be obtained easily. 
[0063] Moreover, in the case of the thing for manufacturing the bond magnet mentioned later, although not 
limited, especially the mean particle diameter of magnet powder is 0.5-60 micrometers. A grade is desirable and 
it is 1-40 micrometers. A grade is more desirable, moreover, in order to obtain the good moldability at the time 
of fabrication by a small amount of joint resin which is mentioned later, the particle size distribution of magnet 
powder is distributed to some extent - ****'s (there is variation) - it is desirable The rate of a hole of the 
obtained bond magnet can be reduced by this, the mechanical strength of a bond magnet can be raised more, 
and magnetic properties can be improved further. 

[0064] In addition, the mean particle diameters may differ for every composition of different magnet powder 
case [ powder ] and mixed although the magnet powder of two or more sorts of composition was mixed. 
Moreover, what is necessary is to just be manufactured by the method of a different this invention which at 
least one sort in the magnet powder of two or more sorts of composition mentioned above the case in the end of 



such mixed powder. 

[0065] When a bond magnet is manufactured using the above magnet powder, such magnet powder has good 
unity (wettability of a joint resin) with a joint resin, therefore this bond magnet has a high mechanical strength 
and it becomes the thing excellent in thermal stability (thermal resistance) and corrosion resistance. Therefore, 
the magnet powder concerned fits manufacture of a bond magnet. 

[0066] In addition, the magnet powder (powdered magnet material) of this invention cannot be overemphasized 
by that you may be what it is not limited to what is used for manufacture of a bond magnet for example, is used 
for manufacture of a sintered magnet. 

[0067] Next, the bond magnet of this invention is explained. 

[0068] The bond magnet of this invention comes to join the above-mentioned magnet powder together by the 
joint resin. 

[0069] As a joint resin (binder), any of thermoplastics and thermosetting resin are sufficient, 
[0070] As thermoplastics, for example A polyamide (example • nylon 6, Nylon 46, Nylon 66, Nylon 610, Nylon 
612, Nylon 11, Nylon 12, Nylon 612, nylon 6 -66), Liquid crystal polymers, such as a thermoplastic polyimide 
and an aromatic polyester, a polyphenylene oxide, Polyolefines, such as polyphenylene sulfide, polyethylene, 
polypropylene, and an ethylene vinylacetate copolymer, A denaturation polyolefine, a polycarbonate, a 
polymethylmethacrylate, Polyester, such as a polyethylene terephthalate and a polybutylene terephthalate, 
The copolymer which is mainly concerned with these, a blend object, a polymer alloy, etc. are mentioned, and a 
polyether, a polyether ether ketone, polyether imide, a polyacetal, etc. can mix and use 1 of sorts of these, and 
two sorts or more. 

[0071] Also among these, especially the moldability is excellent, and since the mechanical strength is high, that: 
which is mainly concerned with a liquid crystal polymer and polyphenylene sulfide from the point of a 
polyamide and heat-resistant improvement is desirable. Moreover, these thermoplastics is excellent also in 
kneading nature with magnet powder. 

10072] Such thermoplastics has the advantage that selection wide range like what thought the moldability as 
important, and the thing which thought thermal resistance and the mechanical strength as important is 
attained by the kind, copolymerizationization, etc. 

[0073] On the other hand, as thermosetting resin, various epoxy resins, such as a bisphenol type, a novolak type 
and a naphthalene system, phenol resin, a urea resin, melamine resin, a polyester (unsaturated polyester) resin 
polyimide resin, silicone resin, a polyure thane resin, etc. are mentioned, and 1 of sorts of these and two sorts or 
more can be mixed and used, for example. 

[0074] From the point of especially the moldability being excellent also among these, and a mechanical strength 
being high and excelling in thermal resistance, an epoxy resin, phenol resin, polyimide resin, and silicone resin 
are desirable, and especially an epoxy resin is desirable. Moreover, these thermosetting resin is excellent also in 
kneading nature with magnet powder, and the homogeneity of kneading. 

[0075] In addit ion, the thing of a solid [ thing / liquefied ] (powdered) is sufficient as the thermosetting resin 
(un-hardening) used at a room temperature. 

[0076] Such a bond magnet of this invention is manufactured as follows, for example. Magnet powder, a joint 
resin, and the constituent for bond magnets (compound) that; contains additives (an antioxidant, lubricant, etc.) 
if needed are manufactured, and it fabricates in a desired magnet configuration all over a magnetic field or a 
non-magnetic field by methods, such as compression molding, extrusion molding, and injection molding, using 
this constituent for bond magnets. When a joint resin is thermosetting resin, it is hardened by heating etc. after 
fabrication. 

[0077] As for the content of the magnet powder in a bond magnet, it is desirable that it is about 82-99. 5wt%, 
and it is more desirable that it is about 9099wt%. Although the bond magnet was especially manufactured by 
compression molding, as for the content of magnet powder, to a case, it is desirable that it is about 93-99. 5wt%, 
and it is more desirable to it that it is about 95 99wt%. 

[0078] If improvement in magnetic properties (especially magnetic-energy product) cannot be aimed at if there 
are too few.contents of magnet powder, and there are too many contents of magnet powder, joint resins content 
will decrease relatively and a moldability will fall. 

[0079] Such a bond magnet of this invention demonstrates outstanding magnetic properties from the property 
of the quenching thin band 8 used as the raw material mentioned above, the numerousness of the manufacture 
conditions of a bond magnet, and the contents of the magnet powder contained in a bond magnet, etc. 
[0080] That is, the bond magnet of this invention is coercive force iHc. 0.35 or more MA/m is 0.50 or more MA/m 
more preferably. 

[0081] The bond magnet of this invention, especially the bond magnet fabricated all over the non-magnetic field 
are magnetic energy (product BH) max. It is 50 kJ/m3 preferably. It is 70 kj/m3 more preferably above. It is 
above. 

[0082] It is not limited, for example, about a configuration, the thing of all configurations, such as the shape of 
the shape of a pillar, a prismatic, and a cylinder (the shape of a ring), circular, plate -like, and a curve tabular, is 
possible for the configuration of the bond magnet of this invention, especially a size, etc., for example, and the 
thing of all sizes is possible for them from a thing also with the large-sized size to a micro thing. 



EXAMPLE 



[Example] Hereafter, the concrete example of this invention is explained. 

[0084] (Example 1) The hardener ingot as which alloy composition is expressed in NdlOPr2.5 Febal.Co6 
aluminum3 Cul.5 Nbl Gal B5 (composition A) was cast. About 15g sample was started from this ingot. 
[0085] The quenching thin band manufacturing installation 1 of composition of being shown in drawing 1 was 
prepared, and the aforementioned sample was put in in the quartz tube which prepared the nozzle (circular 
hole orifice) in the pars basilaris ossis occipitalis. After deaerating the inside of the chamber by which the 
quenching thin band manufacturing installation 1 is contained, gaseous helium was introduced as a controlled 
atmosphere and it considered as the temperature of 21 degrees C, and the controlled atmosphere of pressure 
GOKPa. 

[0086] Then, the ingot sample in a quartz tube was fused by high-frequency induction heating, this molten 
metal was injected by the differential pressure of the internal pressure of a quartz tube, and an ambient 
pressure towards the peripheral surface of the cooling roller with a diameter [ of 200mm ], and a width of face of 
20mm which rotates by ISOOrpm (peripheral velocity : 15.7m/(second)), and the quenching thin band of the 
alloy of the aforementioned composition A was obtained, 

[0087] The surface layer (roll peripheral surface) of a cooling roller should consist of Pd-8wt%Ru-2wt%Pt alloys. 
Moreover, thickness of this surface layer was set to 5mm. 

[0088] It was 95 degrees when the contact angle theta of the aforementioned congelation was measured by the 
method which forms a horizontal surface with the component and this material of this surface layer, trickles 
the molten metal of the aforementioned composition A calmly is made to solidify it on the aforementioned 
horizontal surface in the gas of the aforementioned controlled atmosphere and these conditions, obtains a 
congelation (volume 0.01cm3), and is shown in drawing 3 or drawing 4 . In addition, measurement of a contact 
angle theta was optically performed using the projector. 

[0089] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 
surface by rotation of a cooling roller by the laser displacement gage - deltaR=10micrometer it was . 
[0090] (Example 2) The quenching thin band was manufactured like the example 1 except having constituted 
the surface layer (roll peripheral surface) of a cooling roller from a nickeM0wt%Ti-10wt%aluminum-5wt%Mo 
alloy. 

[0091] It was 150 degrees, when the horizontal surface was formed with the component and this material of this 
surface layer, the molten metal of the aforementioned composition A is dropped calmly, was made to solidify on 
the aforementioned horizontal surface in the gas of the aforementioned controlled atmosphere and these 
conditions, the congelation (volume 0.01cm3) was obtained and the contact angle theta of the aforementioned 
congelation was measured by the same method as an example 1. 

[0092] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 
surface by rotation of a cooling roller by the laser displacement gage ■■ deltaR=12micrometer it was . 
[0093] (Example 3) While manufacturing a quenching thin band from the molten metal of this composition 
which used the ingot which consists of NdllCe2 Sml Febal.Co4 Cul.5 Gal Ti0.5 B6 (composition B) The 
quenching thin band was manufactured like the example 1 except having constituted the surface layer (roll 
peripheral surface) of a cooling roller from a W-20wt%Zr-3wt%Nb alloy. 

[0094] It was 70 degrees, when the horizontal surface was formed with the component and this material of this 
surface layer, the molten metal of the aforementioned composition B is dropped calmly was made to solidify on 
the aforementioned horizontal surface in the gas of the aforementioned controlled atmosphere and these 
conditions, the congelation (volume 0.01cm 3) was obtained and the contact angle theta of the aforementioned 
congelation was measured by the same method as an example 1. 

[0095] moreover, the place which measured maximum eccentricity deltaR of the cooling roller peripheral 
surface by rotation of a cooling roller by the laser displacement gage - deltaR=9micrometer it was . 
[0096] About each quenching thin band of the characterization of quenching thin band> examples 13, the 
width of face w and thickness t were measured. This measurement was measured by 20 point of measurement 
per quenching thin band by the microscope, and was made into the value which averaged this, respectively. 
[0097] Next, while measuring the diameter of average crystal grain from the organization observation result by 
transverse electromagnetic about each quenching thin band, magnetic properties (coercive force iHc and 
magnetic-energy (product BH) max) were measured by VSM. 
[0098] These measurement results are shown in the following table 1. 

[0099] In addition, there was very little variation by the measurement part (less than **5% of averages), and 

each size (width of face w, thickness t) of each quenching thin band had high dimensional stability. 

[0100] Moreover, when the rate of area which observes a roll side with a scanning electron microscope (SEND, 

and performs image analysis further about each quenching thin band, and the with a 2000-micrometer area [or 

more 2 ] huge dimple to a roll side occupies from this analysis result was investigated, all were low values very 

much. 

[0101] 
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[0102] As shown in Table 1, each quenching thin band of this invention of examples 1-3 can attain 
detailedization of crystal grain, and high magnetic properties are obtained. 

[0103] (Example 4) A grinder (RAIKAI machine) grinds the quenching thin band of an example 1 in inert gas, 
and a mean particle diameter is 16 micrometers. It considered as magnet powder, this magnet powder, epoxy 
resin 2.0wt%, hydrazine system antioxidant 0.15wt%, and stearate (lubricant) 0.05wt% were mixed, this 
mixture was fully kneaded (120 degree-Cx 10 minutes), and the constituent for bond magnets (compound) was 
produced. 

[0104] subsequently grinding this compound and being granular -■ carrying out - this granular object -■ 
weighing capacity - carrying out - the metal mold of press equipment - inside - being filled up 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non-magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0105] (Example 5) A grinder (RAIKAI machine) grinds the quenching thin band of an example 2 in inert gas, 
and a mean particle diameter is 20 micrometers. It considered as magnet powder, this magnet powder, epoxy 
resin 2.5wt%, hydrazine system antioxidant 0.1 wt%, and stearate (lubricant) 0.1wt% were mixed, this mixture 
was fully kneaded (120 degree-Cx 10 minutes), and the constituent for bond magnets (compound) was produced 
[0106] subsequently grinding this compound and being granular carrying out - this granular object - 
weighing capacity - carrying out - the metal mold of press equipment - inside - being filled up ■■ 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non-magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0107] (Example 6) A grinder (RAIKAI machine) grinds the quenching thin band of an example 3 in inert gas, 
and a mean particle diameter is 18 micrometers. It considered as magnet powder, this magnet powder, epoxy 
resin 1.9wt%, hydrazine system antioxidant 0.1wt%, and stearate (lubricant) 0.05wt% were mixed, this 
mixture was fully kneaded (120 degree-Cx 10 minutes), and the constituent for bond magnets (compound) was 
produced. 

[0108] subsequently -- grinding this compound and being granular - carrying out - this granular object 
weighing capacity - carrying out - the metal mold of press equipment inside - being filled up 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. ( 
[0109] (Example 7) The magnet powder obtained in the example 4 and the magnet powder obtained in the 
example 6 were uniformly mixed by the weight ratio 6:4, and mixed magnet powder was obtained. This mixed 
magnet powder, epoxy resin 2.0wt%, hydrazine system antioxidant 0.15wt%, and stearate (lubricant) 0.05wt% 
were mixed, this mixture was fully kneaded (120 degree-Cx 10 minutes), and the constituent for bond magnets 
(compound) was produced. 

[0110] subsequently - grinding this compound and being granular - carrying out - this granular object ■■ 
weighing capacity - carrying out - the metal mold of press equipment - inside - being filled up 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0111] (Example 8) The magnet powder obtained in the example 4, the magnet powder obtained in the example 
5, and the magnet powder obtained in the example 6 were uniformly mixed by the weight ratio 2:3:5, and mixed 
magnet powder was obtained. This mixed magnet powder, epoxy resin 1.8wt%, hydrazine system antioxidant 
0.2wt%, and stearin acid (lubricant) 0.1wt% were mixed, this mixture was fully kneaded (120 degree-Cx 10 
minutes), and the constituent for bond magnets (compound) was produced. 

[0112] subsequently - grinding this compound and being granular - carrying out - this granular object - 



weighing capacity carrying out - the metal mold of press equipment - inside being filled up - 130 degrees 
C of material temperature, and pressure 6 ton/cm2 It pressed (inside of a non-magnetic field), and the Plastic 
solid was obtained. Heat hardening of the epoxy resin was carried out after mold release, and the pillar-like 
bond magnet with a diameter [ of 10mm ] x height of 7mm was obtained. 

[0113] About each bond magnet of the <characterization of bond magnet> examples 4-8, the magnetic 
properties (coercive force iHc and magnetic-energy (product BH) max) were measured in maximum impression 
magnetic field 2 MA/m with the account fluxmeter of ******. 

[0114] furthermore - these bond magnets 60 degree-Cx95%RH - the constant temperature by 500 hours ■■ 
the constant humidity examination was performed and corrosion resistance was investigated This corrosion 
resistance distinguished the existence of generating of the rust in a bond magnet front face by viewing, and 
evaluated as a x mark what ** mark and generating of rust were notably accepted in in what O mark and 
generating of rust were accepted in a little in the thing without, generating of rust, 

[0115] These measurement results are shown in the following table 2. Moreover, the content (in the case of 
mixed magnet powder, it is the total amount) of the magnet powder in each bond magnet is collectively 
described all over the following table 2. 
[0116] 
[Table 2] 
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[0117] As shown in Table 2, each bond magnet of this invention of examples 4-8 is more than coercive force iHc 
0.35 MA/m and magnetic-energy (product BH) max. 50 kJ/m3 Corrosion resistance is also excellent while 
having the magnetic properties which were excellent with the above. 

[0118] Especially more excellent magnetic properties are obtained in the examples 7 and 8 using mixed magnet 
powder. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the perspective diagram showing the example of composition of the equipment (quenching thin 
band manufacturing installation) which manufactures the magnet material of this invention. 
[Drawing 2j It is the cross-section side elevation showing the state near the collision part to the cooling roller of 
the molten metal in the equipment shown in drawing 1 . 

lDrawii^_3l It is the cross- section side elevation showing the wettability measuring method for the molten 
metal of a cooling roller peripheral surface. 

[ Drawing 4| It is the cross-section side elevation showing the wettability measuring method for the molten 
metal of a cooling roller peripheral surface. 

[Drawing 5] It is the side elevation showing the maximum eccentricity of the cooling roller peripheral surface 
accompanying rotation of a cooling roller. 
[Description of Notations] 

1 Quenching Thin Band Manufacturing Installation 

2 Barrel 

3 Nozzle 

4 Coil 

5 Cooling Roller 
51 Base 



52 Surface Layer 

53 Peripheral Surface 

6 Molten Metal 

7 Paddle 

71 Solidification Interface 

8 Quenching Thin Band 

81 Roll Side 

82 Free Side 

9 Roll Peripheral Surface Material 

10 Horizontal Surface 
10' Field 

11 Congelation 

12 Ablation 

13 Huge Dimple 
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y Xsisfr «■ ffl b , W1B 7 X/ut^*t L [Elite L T 1/ ^6 

ffilES»^«jiSSr«t> USB -to»H*<7? 
iffa*¥Sffi£<^fc^J8aWS;&S7 0 — 1 7 0° £fc5t> 

[0 0 17] (3) S9fE?&aiD— /uofflifiit^, 1- 
6 0m/SrC*>3±1B (1) (2) (Cieg^S^ 

[0 0 18] (4) f(flS?&*0o— /K75H](Et^5ftai 40 
^5pJSff$0 2fSKT-C*>6±Sa (1) fc^L (3) 

[0019] (5) saia»H«^tt, ^pstt^-c 

*>5_L1E"(1) *v>L (4) Wi^tv^jclEttOfiS^W 

[0 0 2 0] (6) lffilsafcSWfi-ti:* R (fc/£U R 
W\ YSr-&tp*±a7c»*7>5 *><E>4>#< 1 fc ia) 
tr&&T'fc5±IS (1) fcl^L (5) 0^-fJx^ia«fc 



[0 0 2 1 ] (7) TWrE«*«JftW:, R (fc*:U R 

M TMIt m»&R<D5 h(D'Pt£< t h 1 

«) fcB«r&trg*£-?*3±E (1) fcl^L, (5). <z>^ 

[0 0 2 2] (8) ±K (1) fcl^L (7) cO^-fti 
[0 0 2 3] (9) JbfS (8) fdKttOS^tmS:» 

[0024] do) ±e o) \z&m<om%iik<om* 
[0025] (id mmmm^m^m^^mm^ 

82-99. 5wt%T*&£±fE (10) ^tS®cD^<> 

[0 0 2 6] (12) «SfctFiHc #0. 3 5MA/m£UiT* 
&5±fB (10) (11) CEf K^io 

[0 0 2 7] (13) ^M:**/^— «(BH)max ^50 
kJ/m 3 EJLLT**>5_hre (10) tt^L (12) GDVvftb^ 

[0 0 2 8] 

m^um^^xi^^vm^^^^x, mums^» 

[0 0 2 9] Hi ltl, **Wo«^a-»Sr^D— ^jfetc 
J:t9Kit-rs^g (A#*WFSiffiK«) (DWdcWSr^-T 

[0 0 3 0] HI l tc^i- J: 5 «L?ft»«jHa&5lSll l 

* £cEP A*!*] tdlUtei- 5 #r*P o — ;u 5 £ Sr« x. X V ^6 D 
fg)#:2cDTW::i3\ 1K^5rtt-5pfO®»S:l*tt3i-S / X/u 

[0 0 3 1 ] £fc, ia#2(0yX/W3iff«O^«(c:tt, 

[0 0 3 2] ft9n-^5li, g£f5 5 1 t % ftipta— ?v 
[ 0 0 3 3 ] 5 1 co«/£*f fi.fi, 5 2 <b IS] U 

[0034] i«5i w««a-fi-n, w-re^s^ftv^ 

[0 0 3 5] 5 2 (4, J^TlC^a <t 0 * 



5 



(4) 
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6 



[0 0 3 6 ] c^^pftftftWWfflijSiSBifi, f-v^ 

[0 0 3 7 ] ^Ff§tt^f^ t ITft T/u=*V# 

0 /zm 2 ^icD^*;^ :/:/Vw 1 3 (HI 2 tpffiSSift-C^ 
[0 0 3 8 ] «L»»W»it3fi« KU f§J# 2 f*l KB^S 

"9) 7 Srfl£j*Lfc«, IHJ^-T^^ipn— ;V5©HI 5 3 

t-5i#i*e>ttooftjs^ftaistLTaiau, 8 20 

[0 0 3 9] »aio-^5^jg5SaV(±, £-&»»<Z>«L 

[0 0 4 0] &£Pn — /U5<Z5«tS5 3 £«fi)^5&JR*f 

BferW 9 -CtK3P*B 1 0Sr«fi!lt,..K* 3 FSEl OJlIc 
«W 6 £ilS£itfct£. *o«H4fci 1 40 

(OTk^Sffi lOi Otti-ffittA 6^7 0-1 7 0° £ & 
5fc(D-C&5o Slttftett, 8 0-165° 

"CfcSOWSK, 9 0-160° T-*5^5±9» 
*L<, 9 5-1 5 0° Tfc5<7>36SSe>^»*LV\ 
[0 0 4 1] C C1T\ <§l%u—;\s5(Dmm5 3 COM fife. 

trmimm&^T. ^tbtm-un x 

OSr^U RtMP«®1 o<&«Jxt!fe«:«J3£ 
tSOli, JISBS 3(i»*i0i®-efe5fca?> % ®i6« 



[0042] 4*5, e <o»gicBLrii, &ftW 

0. 0 0 5-0. 1cm 3 ^jEffl"Ca'JS-*-5 0*S»S t 

[0 0 4 3] JKftfeft eds±E«SHo±ISffl*)S^.St, 
3co«BtH4dsSi<, ft?&»fflr 8 <Dfcm?fc&Q^£ 

fcftft»fl?8 y — BS8 2«iJfc:*5tt-5*Sfi«t^a*:{t: 

*Q*/hs<i-tL(^ is t (ffiflEa; (i) 

[0 044] ttc. mtefi 6 j&s^EffiH^TPSffi*?*-? 

J£^f9i-?, *cofc*I\ &ft**8<OJ#:R, ^fffi (46 
w, J?£t) tf^Sirfc?), *&— , *&«*ftft»»8 

[0 0 4 5] Stt* e 0»J^B»L. 6 <73jS 

H^*¥*E l 0 tSKtSSBffiftfi-Cli, ®@ifc 
jfildJ:^ ID4EC^i-^^/ e et«Jg| (i*#Jbf3) 12//4 

Sr^LrffittftOSrSJ^i-So *Jffl| l 2 CD 

±* (S^) ?rii5^:¥^®i Ofc^pfr^ffil 0' 

[0 0 4 6] £r5T\ ftft*ffifKiS3SB 1{Z*5V^T 

— 5 co MS (-^"T 5 St" <9 #tt»S«s*» 6 , d - 

[0 0 4 7] rcDd^^^^i:, s< KVU7ic:*3tt5® 

^8cocr— ywffi8 1 frlfcn a — /u 5 <DMm 5 3 L 

tit, C<o±5ftfiLft*»8^6>»blx^«^»^ 

[0 04 8] C(7Di pfer ^^Klh-r-S/'C^tC, 
Ttt, ftiPn-/U5 0lHite(C^p^a]o— /V 5 O Ml® 5 

8COJ?S (sp*Sffl[) tC0 2fSF£ATii-5<O3&S»*L<, 

1. 5ffiF«Tt-*-5<OdSJ;f3#*L<, 1 «erF&-T5 

Wtt«»tt«rJ:*)*&— Iw-fS^ ts&s-CftS. tut, - 
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T-#6 0 #3893 -CI*, I©J:?^tmiAR 

[0 0 4 9] **fi^4AR(0TPSffitt, «fK 

[0 0 5 0] &*3, **(B'L*ARH:, #jxf2, ¥ 

[0 0 5 1 ] *¥&W\Z&ttZ>MGttnt LTtt, R (fc 
^:L, R ft. Y^t±i5c^5o^M<Hl 
«) Sr4iffr&, 4tfcR (fc/cU R12, Y2r^fr^± 
IS7c5Bco-5*>^^fe< £ fc H) tTM (fc/cU TM 
(4, iS»4kJR<Z>5fe0>4>>te< th 1«) £B 
&^J: 5**±«K=Ett-)N-^aifetf <b^, [i] - 

[4] (Djfiric<0fc<Das#£ tv\ 

[0 0 5 2] [1] SmZ3=h-fZ>$>±M7zmt, C 
o&±k^ZW&&mt$:m&f&fth-tZ>h<n C£TF, 20 
Sm-CoIM^rf p) „ 

[0 0 5 3] [2] R (ifcfciU RfiY^-g-tMSriS 
7C*<0 5*p^>4<ttli) Fe^riifW 
&P<h, B t«rS*dc»ti-St><0 C^T, R-Fe- 

[0 0 5 4] [3] Sm&^t-f 5#±«7C*^ F 

Sm-Fe-Nl^tf 

5) • 

[4] R (fcfcU RfiYSr*tf«r±S5c*^5*>'> 30 

[0 0 5 5] Sm-Co^^^^tLT 
te, SmCos , Sm2 TM 1 7 (fcfcLTMfl x M 

[0 0 5 6] R-F e -BS^ttSftfttOi Lt 
te, Nd-Fe-Bl^l Pr-Fe-BMl N 
d-Pr-Fe-B^l Ce-Nd-Fe-BM 

Ce-Pr-Nd-Fe-Bl^l Zflhl^tf ao 
SFeO- S$£Co, N i ^COfeO^^^J^-CS^U/c 

[0 0 5 7] Sm-F e - N^(Ott«»4fcOt L 
Tt£, Sm 2 Few £^«:S{b LTf^SSUfc S m 2 
Few N3 3ftS*(f feixS. 

[0 0 5 8] «j«*±«tc* ITIt, Y, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y. Ho, Er, Tiru Yb, Lu, $ *y is * # /I'd* 

5o 8WE»»&flU: LT»£, Fe, Co, Ni^ so 



Mte, ^ffilCjC C, B,Al,Cu,Ga,Si,T 
i , V, T a , Z r , Nb, Mo, Hf, Ag, Z n , 

P, Ge^^ft^rHt*#5o 
[0 0 5 9] &±<D£5teMm&f£tz£V»btiiz*ft 

WOSl»W» 8 14, »&%*:«fc«3 

[0 0 6 0] *7t, ^(Oi54fft»f 8Sr»*t5; 
[0 0 6 1 ] #*cH^Six-f, fllxJia* 

HBT 1 X10" 1 -1X10' 6 Torr ) , fe 

[0 0 6 2] co<fc 5<c^»*(i, ffl-jftot^co 
tottiv^ 0iJxLf^, tuts [1] - [4] <z>*a$;eDt> 

[0 0 6 3 ] «^»*<7>5piS3ffiSt±, MISSIS 

0. 5^60^DifiS^94L<; 

mm x*mm <o&»t£ mm % n z> tz & ic . m&i&m <o 

[0 0 6 4] Jfeio, s*5 2«^±05ftd<;co«^«)*^ 
[0 0 6 5] J£U:G9<fc 5 fefia^J&pfeSrfflVN-C*^ KK^S" 
[0 0 6 6] fc*3, *55^<75IK^»* 
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[0 0 6 7] fcM, *3SMa?sJ?>K«^(coi^-cttW-r 

So 

[0 0 6 8] #3S9!a>tf:<' K«^(S, fluiafiOK^ta^S: 

[0 0 6 9] Jg^Wffi (/<>f ) t LTii, Jft-BTM 

[0 0 7 O] ffi-STSfittWBit LT(i, Waitf, ^]J7; 
K (00 : n t^n^46, ^ n > 6 6 , 

n >- 6 1 0 , o > 6 1 2 , ^ n^ll, ^■Y n 10 
>12, ^ nye-12, "^-^ n > 6 - 6 6 ) , fftpf 

h\ ^y^^i/>-, ^UT'DfcVy, 3i^u>-g^gt 

h^C^T^fj oi^^/U s /tfjjo:— tvK ni^^^ni — 

^fc^ctL^^i^-rs^fi^^, y^^Kfc vfyv 20 
[0 0 7 1 ] rtibW^T't), fiJc^dS^tcflmr*? 

[oo7 2] w^j:5*fR"sran4ajiiB(i, * 

iS« &*im t ft 3 V ^ 5 ?U # fc S o 
[0 0 7 3] -*\ LTfi, tr 

[0 0 7 4] Ctt6><0 5*,-Cfc, «^#CSnti3 

[0 0 7 5] fc*s, ffifflStuSjftKftttW/li 

[0 0 7 6] co* J***^^ KflWf** #J;Ltf 



[0 0 7 7] /K> K«^4>o«^J»5K^^i:tt, 8 2 
— 9 9. 5wt%SSTfe50)W4L<, 9 0~99wt 

*r*li, 9 3-9 9. 5wt%Sffi-C&50)j5S#4L<, 
9 5-9 9wt%Sfl[-e*>50^J: 19 LV\ 

[0 0 7 8] £ , 

fi^'>ft<ft>9, jjtJgtt^iSTi-So 
[0 0 7 9] **|g^05#x KEfc^tt, ^(^IS 

[0 0 8 0] "T<et>*>, *3gW<OsK^K«^tt, 
iHc * L < 0 . 3 5 MA/m«-b, J: V b < 
0. 5 0MA/m^_hTfo5 o 

[0081] #3§9!<z>7K>' k«^, mzmmmtpx'i&m 

L<(25 0kJ/m 3 JgJL±, «t L< f± 7 0kj/m 3 « 

[0 0 8 2] K^co^ N 

[0 0 8 3] 

[HlffiW] SIT. *¥£W<DM?ftttmMM\z<>\,^Xt&mi- 

[0 0 8 4] (HJfiflajl) ^AadcdSNd 10 Pr 
2.5 Febai. Cos Al 3 C U 1 . 5 Nbi 
Ga i Bs «£^A) T-* JbSifxS 

[0 08 5] [Hi tc^i-««;^«L?ft»*ia5SiSK 1 ^rffl 

T-^y ^^^^$T2gAb, 1*C, JE^)6 0KP a 

[0 0 8 6] *rtD«, ^ffrt^^^y hf->-^U^ 
BiHa6R»ADjR(cJ;i9«iKU, ro»»«r, 1 5 0 0rp 
m (^i^a : 15. 7m/^) Tlnlte-f S ittS 2 0 0 m 
m, «2 0mmOft*|lcr— /l/^jaffijCI^WT, Effort 
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[0 0 8 7] ftipn- (u— f±, p 

d- 8wt%Ru - 2wt%P t-&&-C«dtSJxfct><© t L 

[0088] c ommm&mmm t w*m»-?*¥*e 

^S^l (#90. 0 1 cm 3 ) H3*fcHEl4lC 

^i-*STffiia»H»oatt«e ^aa^Lfcirr^, 9 10 

[0 0 8 9] f=fc % ftSlD— /K?5lHl(toic:J:5?&*Pn— /l^ 
HE 0>**«S'k* A R % u-^ffiff i 9 L <b 
-o^ AR=1 O/iDi t'^ofc 0 

[0 0 9 0] (HSaW2) ft«ln— /MOSffiJl (n— A> 
ilm) Sr, N i - 1 0wt%T i - 1 0wt%A 1 - 5 wt% 
Mo^T'MJMtO (^SJfOIp:£ = 5mm) £ L 

fc 0 20 

mmm *ao. oi cm 3 > ^m^n^o 

*feTWJIESH*0»«ft 0 £:8!l£Lfc£ £ -5, 1 5 0 

IO 0 9 2] I/:, ?&*Pn— /K75lHietCj;Sftan— 
EK^**^* A R £ u~^fiff J; 19 »JS L £ 
A R= 1 2 mid T-foofCo 

[0 0 9 3] (3Mfc#J 3) Ndn Ce 2 Smi Fe 30 
bai. C04 Cui.s G a 7 Tio.5 B6 



(n — ^fflB) W-2 0wt%Zr-3wt%Nb^ 

[0094] c ones® «t raw**-? 

wmm (*ao. oicm 3 ) mswi 
*&T8(fia«ii*o»ttfl e *mj£L.^t 7 o° 

Tfeofc 0 

[0 0 9 5] ^t, »*Pn— yuo5lHHgicJ:5»4|ln— 
A R £ U— !FSEf£» £ t> fiJS Lfc £ 
A R = 9 mi Xfooti Q 

[0096] <i&<®m&<D&m¥ffi>mmmi-3<D& 

fcffi* L/c D 

[0 0 9 7] jJcK, #Aft»«*c:o^T, TEMldJcS 

lK««Ftt (^K^iHc , «»^*^=¥— 9KBH)max ) 

Sr. VSM^«t!3j»]6Uo 
[0 0 9 8] Cftfc<^ffl5£flSS£Ti2* 1 tOTto 
[0 0 9 9] fcifc, #ifeft»#<D^fe (ffiw, ff£ t) 

[0 10 0] #^»^(Iov^T, p— 

StSim^SHfifctt (SEM) "T?«*SU <*$>K®&#«r«: 

[0101] 

max 



13S8I2 



9 5 e 



15 0* 



7 0° 



(-0 



1. 1 



0. 8 



1. 4 



26. 7 



30- 9 



24. 5 



inm) 



25 



29 



23 



1 He 
(MV») 



(BH) 
(kJ/n 



0. 69 



0. 64 



0. 95 



112 



104 



92 



[0 10 2] £tlfrbt>i>*Z>&5\^ Hlfifify 1 — 3 05* 
[0 1 0 3] (^J£^J4) nmW 1 roft»W*£»»« so 



V-OTI2. 0wt%t, t K7^^*fi»-fbl»Jt#j0. 15 

wt%t, *<rT»>>nm (mmm o. o s w t%i:^^ 
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<£U (1 2 0°CX 1 o#) L 

[0 10 4] ^1^, rcQ3>y^^>K«r«&»Urtt« 
U W»«affil 3 0^, JEE^J6ton/cm 2 "CJE3BffiK» 
SriJDJI&SMtS^r, iE&l 0mmXg£ 7mmC^Rt£:t£zK>' 
[0105] (H«?1J 5 ) SJS^J 2 

5wt%t. t K^v^SKfbRifcaiO. lwt 
%^ 7,r7yy^ (MSJ) o. iwt%i*S* 
U wOffl-fi^fc+^fciaMt (120 C CX10#) L 
T> **>K«^fflffijS;fe (=* >s<$ is K) Srf^MUfco 
[0 10 6] 1^V>T\ Z<D=>s<t?>b*&&fcl,Xl8L#; 

U tt*4?aftl 3 0^ JE^ 6 ton/cm 2 r*JE«lrit?» 

*mmmk£*±X. agl 0mn)X^£ 7mmCQRa#c;tf:x 20 

[0107] (n^j 6 ) mt^y 3 

->«ffil. 9wt%£, fc K7 i^^iMbteJtago. lwt 
%<h, ^rry (W»#J) 0. 05wt%£:£M^ 

U ^coi^^^+^^^S (120txi0ffl U 

[0 10 8]ftV^ -c^ny/^yK^»LrW 

U mm&l 3 0t, ffi* 6 ton/era 2 TrJESi/S^ 

%]W?&mt:£-&X, 1 OmniX^^ 7 mmO R V 

[0109] (ntsey 7 ) mmm a xmtcm&mm t m 

->W2. Owt%^ t K7S^*»*bl*lfc#J0. 15 
wt%fc, ^TT'j^fi (»»»J) 0. 0 5wt%fc*:» 



rco^^^r-h^lc^a (120txi0») L 
[0 110] ftv^, r<733y/^yK4ft#frftft 
U »fH«l 3 0TC, JE^ 6 ton/cm 2 fElS^ 

[0111] mmm s ) h^j 4 xm^m^m^ t m 
mm 5 xmzM^BM t mmm e t*s. 

ftit2 : 3 : ST^-fC^U &&&&&&& fttio 

#J) 0. lwt%£«:ffi'&U Z<nm>&*fa%:+ft^mM 
(120txi0^) LT, ^>K«^fflfflJ««J (=V 

[0 112] »^T% :03^^ K^©»LT«M£ 
U 1 3 0t\ JE^J 6 ton/cm 2 X'EEffilSM 

&JNf&$Mib£-&X s BSl OmmXiSS 7mmOP31i^5Kv 

[0 113] <tK^ K«^^«FttWfflfi >SS«4-8 0 

«:x*^-«(BH)niax ) Blflt i EW^tt i- J: 19 * 
*EP*ni&» 2 MA/micT^te L /Co 
[0 114] C^^CO^f^ K^^Tt-OV^T, 6 

0tx9 5%RHT5 0 0 BflHIS: T>OgJ&fi?EKR£:*T 
v\ BftttSrW^fco rcoft^^fi, ^>-KK^*®tc 

[0 115] m^^^ij^^^^Tffi^ 2 i^^-To £ 

[0 116] 
[*2] • 



so 
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uKoj a T1 JK 
(wt*) 


iHc 
CMA/m) 


(BH) max 
(kJ/m B ) 


T* 1 A ill 


HK6WJ4 




97* 9 


0. 67 


7 3. 5 


o 




3£ifi&S2 


97. 4 


0. 62 


70. 6 


A~0 


HS6W6 


§U6P!I3 


98. 0 


0. 94 


62. 9 


O 




(=6:4) 


97. 9 


0. 84 


70. 4 


o 


^SS#J8 


(=2:3: 5) 


9 8. 1 


0. 90 


68. 5 


o 



to i l 7] a2^fe^5J;5l:, IIJiW4-8 0* 
«WO#>K«&Ett, V^-fttt, fiU8**iHc 0. 3 5MA 
/mW-L. ^«^^/^^r— 8!(BH)max *S 5 OkJ/m 3 W± 20 

[01 18] «F*ci, fe&m&®m&m^tzfmm7&± 

[0 119] 

[0 12 0] /Wffit^y — BB^CO 

[0121] 3=fc, ftgp-yi/ai<Z)ft*ffl^tS:/hS 

[0 12 2] r<Dj; 5 

[IIl®<0t«¥fcBWJ3] 

[SI 2] (El 1 (c^i-3£llJc*3W-SS»^ft4|ln— /u^O 



[0 3] ft&*—;i'mm<Dfemfctt^zmt'ii±e>wifej? 

m £r TF-fWrm M m m T- fe 5 e 
[SI 5] ftiflu — /uo|HlR^fl£ 9^SP^— /W^SO^ 



2 

3 y X/u 

4 n^/U 

5 d — jv 

5 1 

5 2 stmm 

5 3 . j^j® 

6 &m 

7 y< 

7 1 mm&m 

8 

8 1 p— /i^Sn 

8 2 7U — ffi 

9 n-/u^STO 
1 0 

10' ffi 

l 1 3£@4^ 

1 2 mm 

1 3 -< >-X/u 
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[HI] 



[E13] 





[112] 
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[i4] 



IBS] 





